In spite of the fact that household interviews have long been used in epidemiologic studies, surprisingly little information about some aspects of interview methodology is available in the epidemiologic litera-
ture. This is particularly true of the relation of response variation to interviewer characteristics, a subject that has received much more attention in the social science field (1) .
Observer variation has been most thoroughly documented by epidemiologists in the area of laboratory determinations. Studies on the reproducibility of red blood cell counts were among the earliest to call attention to observer variation (2) . Most thoroughly studied have been differences in the recognition and diagnosis of tuberculosis and cardiovascular disease by interpreters of chest roentgenograms (3) (4) (5) (6) . Observer variation has also been documented in studies of blood pressure (7) (8) (9) , serum glucose (10) , and clubbing of the fingers (11) .
Schilling et al. (12) reported diagnostic disagreements between observers of byssinosis among cotton workers in Lancashire, England. The diagnosis was based on the history of exposure and symptoms, clinical signs of respiratory disease, measurement of chest expansion, and blood pressure readings. Significant observer variation was noted, particularly in the recording of physical signs.
With respect to interviewer effect on responses to questions, most of the work related to epidemiology has been in the field of chronic respiratory disease. Cochrane et al. (13) first called attention to the important degree of variation between observers in obtaining a history of respiratory symptoms among miners when questions and probes were not standardized. Similar findings were reported by Jonathan et al. (14) from their studies of pneumonoconiosis. Holland and his co-workers (15) compared respiratory histories obtained by two different questionnaires, one developed by the Medical Research Council and the other by the National Coal Board. Both gave reproducible results and were equally discriminating when tested against sputum volume and ventilatory function. However, the two questionnaires yielded different estimates of the prevalence of certain symptoms. Part of the difference was thought to be caused by the wording of the questions; part resulted from the order in which the questions were given. Both findings emphasized the need for standardizing the content and administration of questionnaires used in comparative studies.
A recent report confirmed that interobserver variation could be minimized by the use of the standardized Medical Research Council-European Community for Coal and Steel (MRC-ECCS) respiratory questionnaire (16) . However, some inconsistencies were noted in the prevalence of grade 2 breathlessness (such as occurs when "hurrying on the level or walking up a slight hill") which were thought to be related somehow to the way in which the question was stated (17) . A useful summarization of the possible sources of disagreement between observers, illustrated by the diagnosis of chronic bronchitis by history, has been given by Fletcher in terms of definition, reproducibility, validity and discrimination (18) . A study of illnesses in Tecumseh, Michigan also showed variation between interviewers (19) . This variation appeared to diminish as the interviewers became more experienced.
In a broader context, studies conducted for the National Center for Health Statistics have added to our knowledge about interviewer effects on responses to various parts of the Health Interview Surveys (20, 21) . Particular emphasis was placed on the attitudes, behavior, and background of the respondents and interviewers, and the interaction of these characteristics during the course of the interview. The procedures were a) to record the behavior of the participants during the interview using the special Behavior Observation Form in a series of verbal "snapshots"; b) to record the perceptions and general attitudes of the interviewers toward respondents and interviews; c) to obtain reactions of respondents to the interviews bj' later interviews with different interviewers; and d) to discuss with the interviewers their attitudes and general feelings toward their work. The findings suggested that interviews can be improved more by incorporating behavioral cues on the part of the questioner as part of the standardized interview than by changing the basic attitudes of the respondents or increasing their levels of information.
Because of the subjective nature of many of the responses evoked in assessing mood by means of a questionnaire, it seemed possible that observer variation might be particularly important in such an investigation. A community mental health assessment program in Washington County, Maryland, provided an opportunity to see if response variation was related to the interviewers, and if so, to identify factors which might have contributed to observer variation.
MATERIALS AND METHODS
In the summer of 1963, a nonofficial census of Washington County, Maryland, was carried out by the Johns Hopkins Training Center for Public Health Research, Washington County Health Department, and the National Cancer Institute (22) . In 1971, prior to a study of community mood in Washington County, the list of dwelling units obtained in the 1963 census was brought up to date by adding units constructed since that time. This list provided the sampling frame from which a systematic sample of 30 households was drawn weekly.
The selected households were assigned to four interviewers, each of whom was responsible for a quadrant of Washington County and the city of Hagerstown. A fifth person was employed as a back-up interviewer to take the place of the other interviewers when they were sick or on vacation. After locating the assigned household, the person to be interviewed was chosen according to random numbers in sealed envelopes. The purpose of the study and the general nature of the questions were explained to the subjects, who were told that they were free to answer as many or as few questions as they chose.
Two of the initial four interviewers resigned for personal reasons during the summer and their positions were immediately filled by the back-up interviewer and a new applicant. At the beginning, interviewers were assigned to a new quadrant of the county and city every 11 weeks. However, the rotation of assigned territories was discontinued during the latter half of the year largely because analysis of the refusal rates for the first 33 weeks showed no significant differences among quadrants. The 1584 occupied dwelling units selected during the year yielded a total of 1264 interviews, 79.8 per cent of the potential sample. Of these, 1212 were conducted by the six regular interviewers.
The questionnaire, designed by the Center for Epidemiologic Studies (CES), National Institute of Mental Health, contained a total of 435 questions under 13 different sections. Major emphasis was placed on depressed mood and feeling, and related symptomatology. The average time for completion was approximately 45 minutes. Some questions could be answered readily by the respondent but others required some explanation by the interviewer.
In addition to a comparison of the personal characteristics of the respondents allocated to each interviewer, the results of the following psycho-social tests were analyzed: a) Lubin depression adjective check list (DACL); b) CES depression scale; c) Cantril ladder-self-rating, present and future; d) Crowne-Marlowe social desirability scale; e) Langner 22-item mental health status; f) Happiness scales: Bradburn general and global; g) Aggression; h) Suicidal thoughts; i) Nervous breakdown; j) Total medications (1 week); k) Total life events (1 year); 1) CES functioning scale; m) Alcohol trouble (based on Mulford) (23, 24) . (Because some of the scales are composites of other scales or have been abbreviated, interested persons may obtain a copy of the questionnaire from the Training Center for Public Health Research.) All of the scales were scored so that a high numerical score indicated depression or a high level of symptom reporting. Cut-off scores were established so that the proportion of persons scoring above the cut-off point was as close to 20 per cent as possible.
Information pertaining to the interviewers was collected from several sources. The application form provided some information on their demographic characteristics. In the fall of 1972, interviewers were asked to fill out a simple form on which to indicate what kind of people they preferred to interview and what topics they considered embarrassing. Characterizations of each interviewer were also obtained from the three staff members who had had close contact with all of them (25) .
Although all interviewers were white females, there was some diversity in other characteristics. Their average age was 40.5 years, with a range from 27 to 51. All had graduated from high school, one had a college degree, and two had one or more years of college training. Their previous interview work ranged from none to experience in censuses or other health surveys. All chose to work as interviewers because of their interest in and enthusiasm for this type of work. In general, they enjoy meeting people, prefer freedom in arranging their work schedule, and do not mind daily traveling and evening calls.
In listing their preferred type of respondent, the interviewers did not indicate any particular preference on the basis of sex, race or socio-economic status except that young respondents were preferred over the elderly by five of the six interviewers. With respect to their reactions to the subject matter in the questionnaire, four of the interviewers found none of it embarrassing, one did not like to ask about church attendance, and one (interviewer C) considered four topics embarrassing: suicide, menstruation, marital happiness, and personal habits.
Although the assignment of sample households to interviewers was assigned to minimize demographic and socio-economic differences between each interviewer's group of subjects, this was only moderately successful. While there were no significant differences between groups with respect to age, sex, race and marital status, the groups did differ with respect to geographic location, household income and level of education. To a lesser extent, differences were also noted in the relationship of the respondent to the household head and church attendance habits. Because the interviewers' ratings of their respondents and the subjects' responses to the psychosocial questionnaire items might be related to the characteristics on which the groups were found to differ, statistical adjustment was desirable. This was accomplished by the use of a binary multiple regression method which allows the calculation of adjusted percentages (26, 27) .
RESULTS
The percentages of persons with "abnormal" scores (i.
To judge which interviewers were associated with results that deviated from those of the others by an amount greater than that likely to have occurred by chance, a modification of the usual chi-square computation technique was used. For any specified test, the adjusted percentages were used to calculate for each interviewer the adjusted number of subjects with scores above and not above the cut-off point. These adjusted numbers were then used to calculate chi-square. Next, the procedure was repeated, omitting the most deviant value. The difference between the two chi-square values reflects the extent of variation contributed by the interviewer group which was eliminated. This procedure was repeated, successively eliminating the interviewer group with the highest contribution to chi-square, until the chisquare value for the residual group indicated a probability level of more than 0.05. For example, in the percentages of respondents with Langner 22-item scores of 3 or more, the chi-square value for all six interviewer groups was calculated to be 16.12 (d.f. 5; p < 0.01). The value was subsequently reduced to 3.39 (d.f. 4; p > 0.05) when the group interviewed by C was eliminated. In this particular instance, it is clear that all significant response variation was contributed by interviewer group C.
Significant variation between inter- For the remaining six psycho-social tests (Lubin DACL, CES depression, General happiness, Aggression, Total medications and Total life events), the response variation observed among interviewers could easily have occurred by chance, as indicated by the results of F tests. However, by using the same chi-square technique, one may similarly demonstrate the extent of an individual group response from the mean score. Again, interviewer group C was found to deviate the most from the mean in four of the six tests (CES depression, General happiness, Total medications and Total life events). Interviewer groups B and F were associated with substantial response variation in Lubin DACL and Aggression tests, respecti%-ely.
In summary, the results indicated that interviewer C was consistently associated with substantial deviation from the mean scores in 11 of the 15 psycho-social tests. For nine of these 11 tests, respondents of interviewer C had lower scores than the average, and were thereby classified as being less depressed or abnormal. The exceptions were that more of her respondents said they were not generally happy and said they had suicidal thoughts; only the latter group was statistically significant. Response differences associated with other interviewers could have occurred by chance, although interviewer B, associated with major variation in two scales, is borderline in this respect.
Partial confirmation of these findings came from a subsequent study of the effects of oral contraceptives and estrogenic hormones. Among 67 respondents, interviewer C obtained a history of the use of these preparations from only 8 persons (11.9 per cent). In contrast, four other interviewers obtained positive responses from 34.9 per cent of 551 persons, with very little variation between individual interviewers (28) .
In view of the response variation observed in the mental health survey, interviewer C was compared to the others with respect to work performance. She did not differ from the average in the proportion of refusals and was only slightly slower in completing an interview. However, she reported that she was able to complete her weekly assignment very rapidly, and appeared to be unusually successful in finding the desired respondent at home on the first call. Interviewer C also differed considerably from her fellows in her assessment of the subjects she interviewed. While the others felt that approximately 90 per cent of their respondents were very cooperative and 95 per cent showed a solicitous and friendly attitude, interviewer C gave these ratings to only 50 and 76 per cent, respectively. When the six interviewers were rated by their supervisors for characteristics considered to be important for successful work in this field, interviewer C was given an intermediate rating, with excessively low scores only on extroversion, confidence in her work, and coding problems.
The characteristics of the questionnaire were also related to the observed response variation. Of the nine psycho-social tests with significant variation associated with interviewers, seven were complex, with four to ten possible answers per question. Of the six tests with non-significant variation, four had only two to three possible answers per question. The nature of the subject matter also appeared to be related to interviewer-association variation. Five of the nine tests with significant response variation (Crowne-Marlowe, Langner, Suicidal thoughts, Nervous breakdown and Alcohol trouble) could be considered to deal with potentially sensitive or embarrassing topics, whereas Aggression was the only potentially sensitive test among the six not associated with significant response variation.
Two of the scales showed marked variation associated with interviewers even when the respondents of interviewer C are excluded. Greatest variation was noted in the responses to the question, "During the past week, how often did you feel that you would have a nervous breakdown?" Four categories of responses were possible. The CES functioning scale consists of questions relating to the frequency of 23 common activities during the past week, with five possible categories of answers.
DISCUSSION
Classical thinking on the subject of interviewer effects in epidemiologic studies has usually centered on factors such as the tendency of interviewers to omit or alter certain questions or to assume the answers; the effects of probing; and the role of interviewers in explaining ambiguous or complex questions (29). The solution, in general, has focused on better training of interviewers, standardization of questionnaires and probes, and simplification of questions.
Recent investigations (20, 21) have indicated that behavioral interaction between interviewer and respondent is important in determining the amount of information obtained on an interview, with psychologic and demographic characteristics of the respondents having little effect in this respect. However, too little is known about behavioral interaction to set guidelines for the types of reinforcing behavior by interviewers that will be successful under a variety of circumstances.
A study conducted by Dohrenwend and colleagues suggested that interviewers who are embarrassed by the subject matter and who expressed a preference for certain types of respondents are likely to obtain different symptom scores than other interviewers (30) . The limited findings of the present study also indicate that interviewer preference and embarrassment may be related to response variation. The one interviewer who obtained significantly different responses was one of two with more than one preferred type of respondent; in addition, she listed the highest number of embarrassing interview topics.
The unusual ability of interviewer C to find someone at home and to complete her interviews on the first home visit appeared somewhat suspicious. However, thorough checks made it highly unlikely that she failed to follow instructions for selecting a random respondent. Telephone checks of a sample of respondents and returns from questionnaires subsequently mailed to respondents showed no evidence of irregularities. Although the demographic characteristics of her subjects differed somewhat from those contacted by the other interviewers, the differences were not unusual for the area in which she worked. Although it is regrettable that periodic rotation of territories was discontinued at the time interviewer C was employed, subsequent experiences of other interviewers have shown that there were no peculiarities of the area served by interviewer C that might have accounted for her apparent success in finding respondents at home on the first visit. The most likely explanation for this is that she worked very hard on her interviewing days, making many calls but rarely recording any but the successful ones. Other evidence that she kept poor records of her visits is consistent with this explanation.
The present study was not originally designed to measure response variation associated with interviewer characteristics. Respondents were not randomly allocated to interviewers, and there was no built-in method to estimate validity of responses. Nevertheless, the results point to the following suggestions for minimizing interviewer effects. Selection of interviewers with similar characteristics and background may reduce response variation, especially in a homogeneous population. Adequate training and periodic field assessment of interviewer performance should not be neglected. Simple questions will minimize the need for interviewer assistance; the responses indicated for each question should be kept to the minimum number consistent with the possible range of answers. Periodically comparing the responses obtained by different interviewers will identify those who appear to vary markedly from their fellows. And finally, subjects allocated to each interviewer should be as representative as possible of the entire study population in order to hold the effects of interviewer-mediated response variation reasonably constant across all population segments. In practice, this is probably most efficiently approximated by periodic rotation of interviewers through all territories.
